Simultaneous Electrochemical Speciation of Oxidized and Reduced Glutathione. Redox Profiling of Oxidative Stress in Biological Fluids with a Modified Carbon Electrode.
The simultaneous electrochemical quantification of oxidized (GSSG) and reduced glutathione (GSH), biomarkers of oxidative stress, is demonstrated in biological fluids. The detection was accomplished by the development of a modified carbon electrode and was applied to the analysis of biological fluids of model organisms under oxidative stress caused by lead intoxication. Nanocomposite molecular material based on cobalt phthalocyanine (CoPc) and multiwalled carbon nanotubes functionalized with carboxyl groups (MWCNTf) was developed to modify glassy carbon electrodes (GCE) for the detection of reduced and oxidized glutathione. The morphology of the nanocomposite film was characterized by scanning electron microscopy (SEM) and profilometry. The electrochemical behavior of the modified electrode was assessed by cyclic voltammetry (CV) to determine the surface coverage (Γ) by CoPc. The electrocatalytic behavior of the modified electrode toward reduced (GSH) and oxidized (GSSG) forms of glutathione was assessed by CV studies at physiological pH. The obtained results show that the combined use of CoPc and MWCNTf results in an electrocatalytic activity for GSH oxidation and GSSG reduction, enabling the simultaneous detection of both species. Differential pulse voltammetry reveals detection limits of 100 μM for GSH and 8.3 μM for GSSG, respectively. The potential interference from ascorbic acid, cysteine, glutamic acid, and glucose was also studied, and the obtained results show limited effects from these species. Finally, the hybrid electrode was used for the determination of GSH and GSSG in rat urine and plasma samples, intoxicated or not by lead. Both glutathione forms were detected in these complex biological matrixes without any pretreatment. Our results portray the role of GSH and GSSG as markers of oxidative stress in live organisms under lead intoxication.